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(54) Sensor element and gas sensor 

(57) A flat limiting-current-type sensor 1 0 includes a 
solid electrolyte substrate 22, a negative electrode 34a, 
and a positive electrode 32a. The negative and positive 
electrodes 34a and 32a, respectively, are disposed on 
the same side of the solid electrolyte substrate 22. A 
voltage of 0.8 V is applied between the negative elec- 
trode 34a and the positive electrode 32a in order to de- 
termine oxygen concentration. The ratio between the ar- 
ea of the negative electrode 34a and the area of the pos- 
itive electrode 32a is set to 1 :2, thereby reducing ele- 
ment resistance to 74% that in the case where the neg- 
ative electrode and the positive electrode assume the 
same area. Thus, the measurement accuracy of the flat 
limiting-current-type sensor 10 can be improved. 



Fig.1 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 959 348 A2 



2 



Description 

[0001] The present invention relates to a gas sensor 
for sensing gas, such as oxygen (0 2 ), carbon dioxide 
(C0 2 ), carbon monoxide (CO), water (H 2 0), hydrocar- 
bon (e.g. CH 4 , C 2 H 6 , or C 3 H 8 ), nitrogen oxide (NOx), or 
sulfur oxide (SOx), and more particularly to a flat limit- 
ing-current-type sensor and an oxygen-containing gas 
component sensor in which negative and positive elec- 
trodes are disposed on the same side of a solid electro- 
lyte substrate, and the concentration of a particular gas 
contained in a gas to be measured (hereinafter referred 
to as "measurement gas") is determined through restric- 
tion of gas diffusion to the negative electrode. 
[0002] FIG. 12(A) shows a sectional view of an oxy- 
gen sensor for determining the oxygen concentration of 
a measurement gas. A pair of electrodes 132 and 134 
formed from, for example, porous platinum and having 
the form of a thick or thin film are formed on opposite 
sides of an oxygen-ion conductive solid electrolyte sub- 
strate 122. A voltage is applied between the electrodes 
1 32 and 1 34 and a resultant current is measured in order 
to determine an oxygen concentration. According to the 
configuration of FIG. 12(A), a housing 124 having a 
small oxygen diffusion hole 234C formed therein covers 
the negative electrode 1 34 so as to limit diffusion of ox- 
ygen through the oxygen diffusion hole 234C, so that a 
value of current proportional to oxygen concentration is 
obtained. Such an oxygen sensor must be provided with 
a heater for heating a solid electrolyte substrate to a 
temperature of 500°C to 900°C in order to activate the 
solid electrolyte substrate. However, since the opposite 
sides of the solid electrolyte substrate bear respective 
electrodes, attachment of the heater to the oxygen sen- 
sor is difficult. 

[0003] To solve the above problem, a flat limiting-cur- 
rent-type sensor as shown in FIG. 12(B) is used. As 
shown in FIG. 12(B), a negative electrode 134 and a 
positive electrode 132 are disposed on the same side 
of the solid electrolyte substrate 122. Since the elec- 
trodes 132 and 134 are disposed on the same side of 
the solid electrolyte substrate 122, the flat limiting-cur- 
rent-type sensor has an advantage in that a heater can 
be readily disposed on the other side of the solid elec- 
trolyte substrate 122. The configuration of the flat limit- 
ing-current-type sensor is described in detail in Japa- 
nese Patent Application Laid-open (kokai) No. 
2-147853 filed by the present applicants. 
[0004] FIG. 12(C) shows the flat limiting-current-type 
sensor of FIG. 1 2(B) as viewed in the direction of arrow 
C of FIG. 12(B), i.e., FIG. 12(C) shows a side view of 
the flat limiting-current-type sensor. Since the negative 
electrode 1 34 and the positive electrode 1 32 are dis- 
posed on the same side of the solid electrolyte substrate 
122, the area of the negative electrode 134 (positive 
electrode 132) is subsequently half that in the case of 
the limiting-current-type sensor of FIG. 12(A). Accord- 
ingly, the flat limiting-current-type sensor of FIG. 12(B) 



has a problem in that an element resistance becomes 
higher and that measurement accuracy becomes poor- 
er, as compared to the sensor of FIG. 12(A). 
[0005] In view of the foregoing, an object of the 
s present invention is to provide a flat limiting-current-type 
sensor having an improved measurement accuracy for 
a given device size. 

[0006] The present inventors realized that, in a sensor 
element, a negative electrode and a positive electrode 
10 might not operate in a similar manner. The flat limiting- 
current-type sensor repeats an oxygen-related pumping 
cycle. Specifically, oxygen is pumped into a solid elec- 
trolyte substrate in the form of ions at the interface be- 
tween the solid electrolyte substrate and the porous 
15 negative electrode. The pumped-in oxygen ions are 
transmitted through the solid electrolyte substrate. 
Then, the transmitted oxygen ions are pumped out in 
the form of oxygen at the interface between the solid 
electrolyte substrate and the porous positive electrode. 
20 The present inventors assumed that there might be a 
difference between the readiness of reaction for pump- 
ing in oxygen in the form of ions and the readiness of 
reaction for pumping out oxygen ions in the form of ox- 
ygen. Specifically, according to assumption of the inven- 
ts tors, in a conventional flat limiting-current-type sensor 
as shown in FIG. 12(C), the area of the negative elec- 
trode is equal to that of the positive electrode; conse- 
quently, transmission of ions is controlled by the nega- 
tive electrode orthe positive electrode, whichever is low- 
so er in terms of readiness for reaction, with a resultant in- 
crease in element resistance. The inventors conducted 
experiment on the basis of the assumption and obtained 
an appropriate area ratio between the negative elec- 
trode and the positive electrode. 
35 [0007] Accordingly, the present invention provides a 
sensor element comprising negative and positive elec- 
trodes disposed on the same side of a solid electrolyte 
substrate, wherein the area of said negative electrode 
differs from the area of said positive electrode. 
40 [0008] Advantageously, this can be used to lower the 
element resistance of the flat limiting-current-type sen- 
sor, thus improving measurement accuracy or S/N ratio. 
[0009] Preferably, the area of the negative electrode 
and the area of the positive electrode differ by at least 
45 twofold, thereby lowering the element resistance of a flat 
limiting-current-type sensor and thus improving meas- 
urement accuracy. 

[0010] Preferably in a sensor for determining a gas 
concentration through application of an electric potential 
so of 0.2 V to 1.1 V, the ratio between the area of the neg- 
ative electrode and the area of the positive electrode is 
set within a range of 2:1 to 5:1, thereby enabling the 
element resistance to be reduced to 94% to 86% of that 
in the case where the negative electrode and the posi- 
es tive electrode assume the same area. As a result, the 
measurement accuracy of a flat limiting-current-type 
sensor can be improved. 

[0011] Preferably in a sensor for determining a gas 
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concentration through application of an electric potential 
of 0.2 V to 1 . 1 V, the ratio between the area of the neg- 
ative electrode and the area of the positive electrode is 
set within a range of 1:2 to 1:5, thereby enabling the 
element resistance to be reduced to 74% to 73 % of that 
in the case where the negative electrode and the posi- 
tive electrode assume the same area. As a result, the 
measurement accuracy of a flat limiting-current-type 
sensor can be improved. 

[0012] Preferably in a sensor for determining a gas 
concentration through application of an electric potential 
of 1 . 1 V to 2.5 V, the ratio between the area of the neg- 
ative electrode and the area of the positive electrode is 
set within a range of 1:2 to 1:5, thereby enabling the 
element resistance to be reduced to 90% to 82% of that 
in the case where the negative electrode and the posi- 
tive electrode assume the same area. As a result, the 
measurement accuracy of a flat limiting-current-type 
sensor can be improved. 

[0013] Preferably in a sensor for determining a gas 
concentration through application of an electric potential 
of 1.1 V to 2.5 V, the ratio between the area of the neg- 
ative electrode and the area of the positive electrode is 
set within a range of 2:1 to 5:1, thereby enabling the 
element resistance to be reduced to 81 % to 63% of that 
in the case where the negative electrode and the posi- 
tive electrode assume the same area. As a result, the 
measurement accuracy of a flat limiting-current-type 
sensor can be improved. 

[0014] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

FIG. 1 is a perspective view of aflat limiting-current- 
type sensor according to a first embodiment of the 
present invention as viewed from the front side of 
the sensor; 

FIG. 2 shows views of the flat limiting-current-type 
sensor of FIG. 1, wherein FIG. 2(A) is a sectional 
view taken along line A-A of FIG.1 , and FIG. 2(B) is 
a view as viewed in the direction of arrow D of FIG. 
1; 

FIG. 3 is a perspective view of the flat limiting-cur- 
rent-type sensor of the first embodiment as viewed 
from the back side of the sensor; 
FIG. 4 is a graph showing voltage-current charac- 
teristics of the flat limiting-current-type sensor of the 
first embodiment; 

FIG. 5 gives tables showing the test results of flat 
limiting-current-type sensor samples different in the 
area ratio between a negative electrode and a pos- 
itive electrode, wherein FIG. 5(A) is a table showing 
element resistance values as measured when a 
voltage of 0.7 V is applied to each of the samples, 
and FIG. 5(B) is a table showing element resistance 
values as measured when a voltage of 1 .8 V is ap- 
plied to each of the samples; 
FIG. 6 is a graph depicting data of FIG. 5(A); 



FIG. 7 is a graph depicting data of FIG. 5(B); 
FIG. 8 is a view showing a process for fabricating a 
sensor element of the flat limiting-current-type sen- 
sor; 

s FIG. 9 is a view showing a process for fabricating a 

ceramic heater of the flat limiting-current-type sen- 
sor; 

FIG. 10 is a perspective view of a flat limiting-cur- 
rent-type sensor according to a second embodi- 
ment of the present invention as viewed from the 
front side of the sensor; 

FIG. 11 shows views of a sensor according to a third 
embodiment of the present invention, wherein FIG. 
11(A) is a longitudinal sectional view, FIG. 11(B) is 
a plan view of a first measurement chamber portion, 
FIG. 11 (C) is an enlarged sectional view of a main 
portion of the first measurement chamber, and FIG. 
1 1 (D) is a view of a second measurement chamber 
as projected on a plane; and 
FIG. 12 shows views of conventional sensors, 
wherein FIG. 1 2(A) is a sectional view of a conven- 
tional limiting-current-type sensor, FIG. 12(B) is a 
sectional view of a conventional flat limiting-current- 
type sensor, and FIG. 12(C) is a side view of the 
conventional flat limiting-current-type sensor. 

[0015] In the accompanying drawings, the following 
reference numerals denote the items listed below. 

flat limiting-current-type sensor 
sensor element 
solid electrolyte substrate 
solid electrolyte substrate 
gas outlet hole 
positive electrode 
negative electrode 
gas diffusion portion 
ceramic heater 

[0016] FIG. 1 shows a flat limiting-current-type sensor 
1 0 of the first embodiment serving as an oxygen sensor. 
FIG. 2(A) is a sectional view of the flat limiting-current- 
type sensor of FIG. 1 taken along line A-A of FIG. 1 . FIG. 
2(B) is a side view of the flat limiting-current-type sensor 
of FIG. 1 as viewed in the direction of arrow D of FIG. 1 
(as viewed from the front side). The flat limiting-current- 
type sensor 10 includes a sensor element 20 for meas- 
uring oxygen concentration and a ceramic heater 40 for 
heating the sensor element to a temperature of 500°C 
to 600°C. The sensor element 20 and the ceramic heat- 
er 40 are bonded together by means of glass. The flat 
limiting-current-type sensor 10 measures 0.3 mm (thick- 
ness) x 5 mm (width) x 23 mm (height). 
[0017] As shown in FIG. 2(A), the sensor element 20 
includes solid electrolyte substrates 22 and 24 formed 
from zirconia, which exhibits good conductance of oxy- 
gen ions; a positive electrode 32a formed from porous 
platinum; a lead portion 32b (see FIG. 1) for supplying 
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current to the positive electrode 32a; a connection elec- 
trode 34f connected to a platinum wire 36; a negative 
electrode 34a formed from porous platinum; a lead por- 
tion 34b for supplying current to the negative electrode 
34a; a connection electrode 32f connected to a platinum 
wire 38; a gas diffusion portion 34c extending sideward 
from the lead portion and adapted to introduce an am- 
bient gas into the negative electrode 34a; and a gas out- 
let hole 26 for releasing oxygen from the positive elec- 
trode 32a to the exterior of the sensor element 20. The 
negative electrode 34a and the positive electrode 32a 
assume a thickness of about 20 urn 
[001 8] According to the present embodiment, the gas 
diffusion portion 34c formed from porous platinum ex- 
tends from the lead portion 34b to the periphery of the 
sensor element 20 so as to supply oxygen to the nega- 
tive electrode 34a under a diffusion resistance. Instead 
of being formed from porous platinum having porosity 
for diffusion resistance, the gas diffusion portion 34c 
may assume the form of a small hole for supplying ox- 
ygen to the negative electrode 34a. 
[0019] FIG. 3 is aside view of the flat limiting-current- 
type sensor of FIG. 1 as viewed in the direction of arrow 
B of FIG. 1 (as viewed from the back side). In FIG. 3, 
the ceramic heater 40 is partially broken. As shown in 
FIGS. 3 and 2(A), the ceramic heater40 includes an alu- 
mina substrate 42 and an alumina substrate 44, both of 
which have an external size identical to that of the sen- 
sor element 20. The ceramic heater 40 further includes 
a heater electrode (heat-generating portion) 46a having 
a narrow width and assuming a substantially M-shaped 
form; heater electrodes (lead portions) 46b and 46c hav- 
ing a wide width; and heater connection electrodes 46d 
and 46e connected to platinum wires 56 and 58, respec- 
tively. All of these elements are sandwiched between 
the alumina substrates 42 and 44. When current flows 
to the thin heater electrode (heat-generating portion) 
46a via the platinum wires 56 and 58, the heater elec- 
trode 46a generates heat to thereby heat to a tempera- 
ture of about 550°C a tip portion of the sensor element 
20 where the negative electrode 34a and the positive 
electrode 32a, which have been described with refer- 
ence to FIG. 1 ,, are disposed. 

[0020] The operational principle of the flat limiting- 
current-type sensor 10 with reference to the graph of 
FIG. 4 showing the relationship between an applied volt- 
age and current in the sensor element 20. 
[0021] The flat limiting-current-type sensor 10 is 
placed in an atmosphere of a certain oxygen concentra- 
tion. Current is supplied to the ceramic heater 40 so as 
to heat the sensor element 20 (solid electrolyte sub- 
strate 22) to an ion conduction temperature (activation 
temperature: about 500°Cto600°C). Under the circum- 
stance, when voltage is applied between the negative 
electrode 34a and the positive electrode 32a via the plat- 
inum wires 36 and 38, oxygen molecules introduced via 
the gas diffusion portion 34c are charged at the interface 
between the negative electrode 34a and the solid elec- 



trolyte substrate 22 and are thus ionized. Oxygen ions 
are taken into and transmitted through the solid electro- 
lyte substrate 22. The thus-transmitted oxygen ions are 
caused to discharge at the interface between the solid 

s electrolyte substrate 22 and the positive electrode 32a, 
thereby returning to oxygen molecules. The thus- 
formed oxygen is discharged through the gas outlet hole 
26. In other words, oxygen is pumped between the neg- 
ative electrode 34a and the positive electrode 32a, so 

10 that current flows through the sensor element 20. 

[0022] When voltage applied to the sensor element 
20 is increased from 0 to V1 as represented by curve a 
of FIG. 4, the amount of oxygen pumped from the neg- 
ative electrode 34a to the positive electrode 32a in- 

15 creases. During the pumping period, the amount of ox- 
ygen taken in via the gas diffusion portion 34c and the 
amount of oxygen discharged through the gas outlet 
hole 26 are relatively small. As a result, as represented 
by curve a of FIG. 4, the amount of oxygen pumped, 

20 thus current, increases with the applied voltage. 

[0023] When the voltage applied to the sensor ele- 
ment 20 is increased from V1 to V2, the amount of ox- 
ygen introduced via the gas diffusion portion 34c of po- 
rous platinum is limited to a predetermined value (IL1). 

25 Specifically, since the amount of oxygen introduced via 
the gas diffusion portion 34c is limited, even when the 
voltage applied to the sensor element 20 is increased 
from V1 to V2, current flowing through the sensor ele- 
ment 20 is maintained at a constant value of IL1 . Curve 

30 b corresponds to the case of low oxygen concentration 
in an atmosphere to be measured. In the case of low 
oxygen concentration, current flowing through the sen- 
sor element 20 assumes a constant value of IL2 lower 
than ILL Current c corresponds to the case where an 

35 atmosphere to be measured has oxygen concentration 
higher than that in the case of curve a. In the case of 
high oxygen concentration, current flowing through the 
sensor element 20 assumes a constant value of IL3 
higher than IL1 . On the basis of the differential between 

40 these constant values of current, oxygen concentration 
is determined. 

[0024] In the case of an element having a high resist- 
ance, even when the voltage is increased from V1 to V2, 
current flowing through the element does not become 

45 constant as represented by curves a, b, and c, since the 
amount of oxygen introduced via the gas diffusion por- 
tion 34c does not reach an upper limit which the gas 
diffusion portion 34c establishes with respect to the 
amount of oxygen introduced. Thus, a diffusion rate as 

50 observed at a gas introduction portion must be reduced 
(the size of a single hole must be decreased or the po- 
rosity of the porous portion must be decreased) so as 
to decrease the upper limit. In FIG. 4, curves a', b', and 
c 1 show voltage-current characteristics of a flat limiting- 

55 current-type sensor which has a high V/l value, i.e., a 
high element resistance and in which the amount of dif- 
fusion of oxygen is decreased at the gas introduction 
portion. Curve a 1 is obtained through measurement con- 
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ducted at oxygen concentration identical to that as em- 
ployed in the case of curve a. Curve b' is obtained 
through measurement conducted at oxygen concentra- 
tion (low concentration) identical to that as employed in 
the case of curve b. Curve c 1 is obtained through meas- 
urement conducted at oxygen concentration (high con- 
centration) identical to that as employed in the case of 
curve c. As seen from FIG. 4, the differential between 
constant values of current ll_1\ ll_2\ and IL3' as ob- 
served with the flat limiting-current-type sensor of a high 
element resistance is smaller than the differential be- 
tween constant values of current IL1, IL2, and IL3 as 
observed with the aforementioned flat limiting-current- 
type sensor of a low element resistance. This indicates 
that an increase in element resistance causes an im- 
pairment in measurement accuracy. 
[0025] As shown in FIGS. 1 , 2(A), and 2(B), in the flat 
limiting-current-type sensor 10 of the first embodiment, 
the area ratio between the negative electrode 34a and 
the positive electrode 32a is set to 2:1 . As a result, ele- 
ment resistance is reduced, as will be described later, 
to 74 % that of the conventional flat limiting-current-type 
sensor which has been described above with reference 
to FIGS. 1 2(B) and 1 2(C) and in which the negative elec- 
trode 1 32 and the positive electrode 1 34 assume the 
same area. Thus, measurement accuracy is improved 
accordingly. 

[0026] In the flat limiting-current-type sensor of the 
first embodiment serving as an oxygen sensor, a voltage 
of 0.7 V is applied between the negative electrode 34a 
and the positive electrode 32a. Thus, the area ratio be- 
tween the negative electrode 34a and the positive elec- 
trode 32a is set to 2:1 , thereby reducing element resist- 
ance. Element resistance was experimentally meas- 
ured with respect to different area ratios between the 
negative electrode 34a and the positive electrode 32a. 
The test results will be described with reference to FIGS. 
5(A) and 6. 

[0027] The test used the flat limiting-current-type sen- 
sor 10 of the first embodiment, which has been de- 
scribed above with reference to FIGS. 1 to 3. Specifical- 
ly, while the sum of the areas of the negative and positive 
electrodes 34a and 32a, respectively, was held con- 
stant, the area of the negative electrode 34a and the 
area of the positive electrode 32a were varied for meas- 
urement of element resistance. Test samples assumed 
the following area ratios of (area of negative electrode 
34a): (area of positive electrode 32a): 6: 1 ; 5: 1 ; 4: 1 ; 3: 1 ; 
2:1 (flat limiting-current-type sensor of first 
embodiment); 1:1 (conventional flat limiting-current- 
type sensor shown in FIG. 12); 1 :2 (flat limiting-current- 
type sensor of second embodiment, which will be de- 
scribed later); 1:3; 1:4; 1:5; and 1:6. Each of the test 
samples was heated to a sensor element temperature 
of 600°C by means of a heater. The test samples were 
placed in a thermostat-hygrostat chamber maintained 
at 60°C and 60%RH. A voltage of 0.7 V and 1 .8 V was 
applied between the negative electrode 34a and the 



positive electrode 32a with respect to each of the test 
samples. During application of the voltage, current flow- 
ing through each of the test samples was measured. El- 
ement resistance was calculated from the measured 

s current value. 

[0028] A voltage of 0.7 V was selected to represent 
an electric potential which ranges from 0.2 V to 0.8 V 
and which is applied to a flat limiting-current-type sensor 
serving as an oxygen sensor. Notably, a voltage of 0.7 

10 v is considered as a representative for an electric po- 
tential ranging from 0.2 V to 1.1 V. A voltage of 1.8 V 
was selected to represent an electric potential which 
ranges from 1.1 V to 2.5 V and which is applied to a flat 
limiting-current-type sensor serving as a humidity sen- 

15 sor. 

[0029] FIG. 5(A) shows current values as measured 
when a voltage of 0.7 V is applied to the above test sam- 
ples and element resistance values calculated from the 
measured current values. FIG. 6 is a graph depicting the 

20 measurements of FIG. 5(A). 

[0030] When the ratio between the area of the nega- 
tive electrode and the area of the positive electrode is 
set within a range of 2:1 to 5:1 , element resistance as- 
sumes a value of 8.18 kQ to 7.52 kQ, which is 94% to 

25 86% that in the case where the negative electrode and 
the positive electrode assume the same area (1:1; ele- 
ment resistance 8.70 kQ). When the ratio between the 
area of the negative electrode and the area of the pos- 
itive electrode is set within a range of 1 :2 to 1 :5, element 

30 resistance assumes a value of 6.40 to 6. 31 k^, which 
is 74 % to 73% that (8.70 kQ) in the case where the 
negative electrode and the positive electrode assume 
the same area. Thus, when the flat limiting-current-type 
sensor is used as an oxygen sensor, i. e. , when a voltage 

35 of 0.7 V is applied thereto, through employment of a ratio 
of 1 :2 to 1 :5 between the area of the negative electrode 
and the area of the positive electrode, element resist- 
ance can be significantly reduced. Particularly, at a ratio 
of 1:3 to 1:4, element resistance assumes a minimum 

40 value of 5.83 k£2 to 5.38 k£X 

[0031] Before the above experiment was conducted, 
the present inventors had foreseen that element resist- 
ance would be reduced by making the area of the neg- 
ative electrode 34a greater or smaller than that of the 

45 positive electrode 32a. However, as seen from the 
above test results, element resistance can be reduced 
in either case of making the area of the negative elec- 
trode 34a greater or smaller than that of the positive 
electrode 32a. A conceivable reason is that pumping of 

50 oxygen between the positive electrode 32a and the neg- 
ative electrode 34a is controlled by a plurality of param- 
eters, not by a single parameter. As seen from the above 
test results, element resistance can be reduced by mak- 
ing the size of the negative electrode 34a differ from that 

55 of the positive electrode 32a. Particularly, when the flat 
limiting-current-type sensor is used as e.g. an oxygen 
sensor, wherein a relatively low voltage of about 0.7 V 
is applied thereto, element resistance can be significant- 
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ly reduced by making the size of the positive electrode 
32a greater than that of the negative electrode 34a. 
[0032] FIG. 5(B) shows current values as measured 
when a voltage of 1 .8 V is applied to the above test sam- 
ples and element resistance values calculated from the 
measured current values. FIG. 7 is a graph depicting the 
measurements of FIG. 5(B). 

[0033] When the ratio between the area of the nega- 
tive electrode and the area of the positive electrode is 
set within a range of 2:1 to 5:1, element resistance as- 
sumes a value of 5.70 k£l to 4.46 k£l, which is 81% to 
63% that in the case where the negative electrode and 
the positive electrode assume the same area (1:1; ele- 
ment resistance 7.03 kQ). When the ratio between the 
area of the negative electrode and the area of the pos- 
itive electrode is set within a range of 1 :2 to 1 :5, element 
resistance assumes a value of 6.34 kQ to 5.76 kQ, which 
is 90% to 82% that in the case where the negative elec- 
trode and the positive electrode assume the same area. 
Thus, when the flat limiting-current-type sensor is used 
as e.g. a humidity sensor, wherein a voltage of 1 .8 V is 
applied thereto, through employment of a ratio of 2:1 to 
5:1 between the area of the negative electrode and the 
area of the positive electrode, element resistance can 
be significantly reduced. Particularly, at a ratio of 3:1 to 
4:1, element resistance assumes a minimum value of 
3.90 kQ to 3.86 k£X Notably, a characteristic as ob- 
served when a voltage of 1 .8 V is applied is reverse to 
that as observed when a voltage of 0.7 V is applied, 
which has been described above with reference to 
FIGS. 5(A) and FIG. 6. 

[0034] Next, a method for fabricating the flat limiting- 
current-type sensor of the first embodiment will be de- 
scribed. First, a process for fabricating the sensor ele- 
ment 20 will be described with reference to FIG. 8. 
[0035] First, a solid electrolyte green sheet 22a (FIG. 
8(A)) for forming the solid electrolyte substrate 22 and 
a solid electrolyte green sheet 24a (FIG. 8(B)) for form- 
ing the solid electrolyte substrate 24 are formed from a 
material which contains zirconium oxide as a main com- 
ponent and yttrium oxide added. A through-hole 26 is 
formed in the solid electrolyte green sheet 24a. The 
through-hole 26 will become the gas outlet hole 26 
through exposure to firing. 

[0036] Next, as shown in FIG. 8(C), platinum pastes 
34a and 32a are applied to the surface of the solid elec- 
trolyte green sheet 22a by printing. The applied plati- 
num pastes 34a and 32a will become the negative elec- 
trode 34a and the positive electrode 32a, respectively, 
through exposure to firing. Subsequently, as shown in 
FIG. 8(D), the platinum wires 36 and 38 are placed at 
an end portion of the solid electrolyte green sheet 22a; 
more specifically, at the portions of the platinum pastes 
34a and 32a which will become the connection elec- 
trodes 34f and 32f through exposure to firing. 
[0037] Subsequently, the solid electrolyte green sheet 
24a of FIG. 8(B) is superposed on the solid electrolyte 
green sheet 22a of FIG. 8(D) (see FIG. 8(E)). The su- 



perposed solid electrolyte green sheets 22a and 24a 
are integrally fired at a temperature of 1 500°C, thereby 
yielding the sensor element 20. 

[0038] Next, a method for fabricating the ceramic 
s heater 40 will be described with reference to FIG. 9. 
[0039] Alumina green sheets 42a and 44a are formed 
from a material which contains alumina powder as a 
main component (see FIGS. 9(A) and 9(B)). The alumi- 
na green sheets 42a and 44a will become the alumina 
substrates 42 and 44 through exposure to firing. Next, 
as shown in FIG. 9(C), platinum paste 46a is applied to 
the surface of the alumina green sheet 42a by printing. 
The applied platinum paste 46a will become the heater 
electrodes 46a, 46b, and 46c through exposure to firing. 
Subsequently, the platinum wires 56 and 58 are placed 
at an end portion of the alumina green sheet 42a; more 
specifically, at the portions of the platinum paste 46a 
which will become the heater connection electrodes 46e 
and 46f through exposure to firing. 
[0040] Subsequently, the alumina green sheet 44a of 
FIG. 9(B) is superposed on the alumina green sheet 42a 
of FIG. 9(D) (see FIG. 9(E)). The superposed alumina 
green sheets 42a and 44a are integrally fired at a tem- 
perature of 1 500°C, thereby yielding the ceramic heater 
40. 

[0041] Finally, sealing glass is applied between the 
above-fabricated sensor element 20 and ceramic heater 
40. The resulting assembly is heated at a temperature 
of about 800°C so as to bond the sensor element 20 and 
the ceramic heater 40 together, thus yielding the flat lim- 
iting-current-type sensor 10. 

[0042] Aflat limiting-current-type sensor 10 according 
to a second embodiment of the present invention will 
next be described with reference to FIG. 10. 
[0043] The flat limiting-current-type sensor of the sec- 
ond embodiment is configured in a manner similar to 
that of the flat limiting-current-type sensor of the first em- 
bodiment. However, the flat limiting-current-type sensor 
of the first embodiment is configured such that the area 
ratio between the negative electrode 34a and the posi- 
tive electrode 32a is set to 1 :2, since a voltage of 0.7 V 
is applied thereto for measurement of oxygen concen- 
tration. By contrast, the flat limiting-current-type sensor 
of the second embodiment is configured such that the 
area ratio between the negative electrode 34a and the 
positive electrode 32a is set to 2:1, since a voltage of 
1 .8 V is applied thereto for use as a humidity sensor. As 
described above with reference to FIG. 5(B), element 
resistance can be reduced to 81% that of the conven- 
tional flat limiting-current-type sensor of FIG. 12(B) in 
which the negative electrode and the positive electrode 
assume the same area, thereby improving measure- 
ment accuracy. 

[0044] A sensor according to a third embodiment of 
the present invention will next be described with refer- 
ence to FIG. 11 . The flat limiting-current-type sensors of 
the first and second embodiments are adapted to deter- 
mine oxygen concentration or humidity, whereas the 
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sensor of the third embodiment is adapted to determine 
the concentration of an oxygen-containing component 
of a measurement gas, for example, NOx concentration. 
FIG. 11 (A) is a longitudinal sectional view of the sensor 
wherein a pair of negative and positive electrodes (68a 
and 68b) formed different in area and in coplanar con- 
figuration on an oxygen ion conductive solid electrolyte 
substrate according to the third embodiment; FIG. 11 
(1 3) is a plan view of a first measurement chamber por- 
tion; FIG. 11 (C) is an enlarged sectional view of a main 
portion of the first measurement chamber; and FIG. 11 
(D) is a view of a second measurement chamber as pro- 
jected on a plane. 

[0045] The sensor includes a first oxygen ion pump 
cell 66, an oxygen-concentration-measuring cell 67, and 
a second oxygen ion pump cell 68, which are sequen- 
tially arranged in layers. The first oxygen ion pump cell 
66 includes a solid electrolyte layer and electrodes 66a 
(positive electrode) and 66b (negative electrode) pro- 
vided on opposite sides of the solid electrolyte layer. The 
oxygen-concentration-measuring cell 67 includes a sol- 
id electrolyte layer and oxygen partial-pressure detec- 
tion electrodes 67a and 67b provided on opposite sides 
of the solid electrolyte layer. The second oxygen ion 
pump cell 68 includes an oxygen ion conductive solid 
electrolyte layer and oxygen ion pump electrodes 68a 
and 68b provided on the same side of the solid electro- 
lyte layer such that the oxygen ion pump electrode 68a 
is exposed to a second measurement chamber 64 and 
such that the oxygen ion pump electrode 68b is covered 
with an insulation layer 71 -3. As shown in FIG. 11 (A), a 
first measurement chamber 62 is defined by the upper 
solid electrolyte layer of the first oxygen ion pump cell 
66, the lower solid electrolyte layer of the oxygen-con- 
centration-measuring cell 67, and lateral insulation lay- 
ers. The second measurement chamber 64 is defined 
above the second oxygen ion pump cell 68 in a manner 
similar to that of the first measurement chamber 62. Fur- 
ther, first diffusion holes 61 and a second diffusion hole 
63 are located apart from each other so as to serve as 
serial passageways for transmission of measurement 
gas from outside the sensor toward the electrode 68a 
via diffusion resistance of the passageways. The sec- 
ond diffusion hole 63 extends through the oxygencon- 
centration-measuring cell 67 and the solid electrolyte 
layer to thereby establish communication between the 
first and second measurement chambers 62 and 64. 
The second diffusion hole 63 is adapted to send gas 
which contains at least NOx and 0 2 , from the first meas- 
urement chamber 62 to the second measurement 
chamber 64 via the diffusion resistance. 
[0046] An insulation layer of alumina is provided be- 
tween the adjacent solid electrolyte layers. A heater lay- 
er is bonded to the sensor. Electrodes are connected to 
external devices, such as a power source, via leads 
formed between the adjacent layers. For example, re- 
ferring to FIG. 11(D), the electrodes 68a and 68b of the 
second oxygen ion pump cell 68 are electrically con- 



nected to leads 68c and 68d, respectively. 
[0047] In this configuration shown in FIG. 11(D), the 
oxygen ion pump electrodes 68a and 68b differ in area 
at least twofold. Accordingly, as in the case of the flat 

5 limiting-current-type sensors of the first and second em- 
bodiments, the element resistance of the second oxy- 
gen ion pump cell 68 that has negative and positive elec- 
trodes 68a, 68b in coplanar configuration is reduced, so 
that measurement accuracy in measuring a low current 

10 that flows between the electrodes 68a and 68b of the 
second cell 68, the current corresponding to an amount 
of oxygen dissociated from e.g. NOx and pumped out 
as in the direction shown in a dotted arrow in Fig. 11 (D) 
from the second cell 68, and thereby in determining the 

is amount of NOx in the measurement gas based on the 
current, is improved. 

[0048] A process for measuring the NOx concentra- 
tion of measurement gas e.g. exhaust gas by referring 
to the NOx gas sensor as shown in FIG. 11 i.e. Figs. 11 
20 (A), 1 1 (B) and 1 1 (D) will next be described. 

(a) Exhaust gas enters the first measurement 
chamber 62 through the first diffusion hole 61 hav- 
ing a gas diffusion resistance. 
25 (b) The first oxygen ion pump cell 66 pumps out ox- 
ygen from the exhaust gas introduced into the first 
measurement chamber 62 until a portion of NOx de- 
composes (2NO N 2 + 0 2 ). At this time, the first 
oxygen ion pump cell 66 is driven on the basis of 
30 signals output from the oxygen partial-pressure de- 
tection electrodes 67a and 67b so as to control the 
partial pressure of oxygen to a low level in the vi- 
cinity of the inlet of the second diffusion hole 63. 

(c) A mixture of concentration-controlled 0 2 gas 
35 and NOx gas diffuses from the first measurement 

chamber 62 to the second measurement chamber 
64 through the second diffusion hole 63 having a 
gas diffusion resistance. 

(d) The catalytic activity of the negative electrodes 
40 68a of the second pump cell 68 causes NOx gas 

contained in the second measurement chamber 64 
to decompose into N 2 and 0 2 . The oxygen dissoci- 
ated in the second chamber is pumped out through 
the second oxygen ion pump cell 68 since the sec- 
45 ond cell 68 is so formed to pump out oxygen under 
the voltage (V p2 ) of about 0.15 - 1.1 volts applied 
across the second oxygen ion conductive cell elec- 
trodes 68a and 68b. At this time, since a pump cur- 
rent l p2 flowing across the electrodes 68a, 68b is 
50 linearly interrelated with NOx concentration of the 
measurement gas, the NOx concentration can be 
determined by measuring l p2 . 

[0049] In such a sensor for measurement of e.g. a low 
55 NOx concentration of the gas, wherein voltage V p2 ap- 
plied to the second oxygen ion pump cell 68 is lower 
than 200 mV, the amount of oxygen decomposed from 
NOx decreases with a resultant decrease in pump cur- 
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rent l p2 . As a result, the accuracy in determining the NOx 
concentration tends to be impaired. When V p2 is in ex- 
cess of 500 mV, dissociation of H 2 0 accelerates on the 
electrode 68a of the second oxygen ion pump cell 68, 
thus 0 2 generated through the dissociation of H 2 0 
causes pump current l p2 to increase. As a result, the 
accuracy in determining NOx concentration tends to be 
impaired. Accordingly, voltage V p2 applied to the second 
oxygen is preferably less than 500 mV, more preferably 
200 to 480 mV, particularly preferably about 300 to 
about 450 mV in the case of NOx measurement of the 
gas containing oxygen and aqueous vapour. The 
present invention regarding the electrode area ratio of 
the negative electrode to positive electrode works espe- 
cially well when the current across the electrodes is be- 
low 100 micro amperes or less than 10 micro amperes 
or even less than 1 micro amperes. 
[0050] A better measurement accuracy is resultant 
when the area of the positive electrode is larger than 
that of the negative electrode in these cases of sensing 
dissociated oxygen by a low voltage application below 
1.1 volts when the current for the measurement is low 
as such. In sensing humidity in which the voltage of 
more than 1.1 volts is applied, the better measurement 
accuracy is obtained when the negative electrode area 
is larger than the positive electrode. 
[0051] It can be particularly effective, with embodi- 
ments of the invention, if the voltage applied between 
the positive and negative electrodes which are in a co- 
planar configuration is less than 0.5 V and the current 
between the electrodes is small, such as 10 uA This 
improves the signal to noise ratio (S/N ratio) of the 
measurement signal, enabling greater accuracy to be 
achieved. For determining amounts of the order of parts 
per million (ppm) of a gas such as NOx, C0 2 and HC it 
is preferable that the current even be less than 1 uA 
Embodiments of the present invention can achieve high 
accuracy under these conditions because of the lower- 
ing of the internal resistance of the electrolyte cell sen- 
sor. 

[0052] An applicable solid electrolyte is, for example, 
a solid solution of zirconia and yttria or a solid solution 
of zirconia and calcia. Porous electrodes which are 
formed on opposite sides of a thin solid electrolyte layer 
by, for example, screen printing and sintering are pref- 
erably formed from platinum, rhodium, or an alloy there- 
of, such as a platinum alloy or a rhodium alloy. The first 
and second diffusion hole portions (gas diffusion means 
or gas diffusion passageways) are preferably formed 
from porous ceramic, such as porous alumina ceramic. 
A heater is preferably configured such that a heat-gen- 
erating portion is formed from a composite material of 
ceramic and platinum or a platinum alloy and such that 
a lead portion is formed from platinum or a platinum alloy 
and the heater is provided on the sensor composed of 
the oxygen ion conductive solid electrolyte cells. 
[0053] The configuration of the coplanar electrodes 
according to the invention as explained with the NOx 



sensor of the third embodiment may be applicable to a 
CO gas sensor and an HC gas sensor, etc., in which the 
negative and positive electrodes are provided on a co- 
planar same side of the solid electrolyte substrate in- 
s eluding oxygen ion conductive electrolyte. 

[0054] The above embodiments are described while 
mentioning application of the configuration of the 
present invention to an oxygen sensor and an NOx sen- 
sor. However, the configuration of the present invention 
10 is not limited to such an application, but may be applied 
to any other gas sensors, such as H 2 0 sensors, C0 2 
sensors, SOx sensors and HC sensors. 
[0055] As described above, according to the present 
invention, the negative electrode and the positive elec- 
ts trode differ in area, thereby reducing element resistance 
therebetween and thus improving measurement accu- 
racy for a given device. The invention enables a flat lim- 
iting-current-type sensor smaller in size than a conven- 
tional one to achieve a given measurement accuracy, 
20 thereby achieving a reduction in a flat sensor size and 
thus also decreasing the power consumption of a heater 
attached thereto. 



25 Claims 

1 . A sensor element comprising negative and positive 
electrodes disposed on the same side of a solid 
electrolyte substrate, wherein 

30 the area of said negative electrode differs 

from the area of said positive electrode. 

2. A sensor element according to Claim 1 , wherein the 
area of said negative electrode and the area of said 

35 positive electrode differ by at least twofold. 

3. A sensor element according to claim 1 or 2, wherein 

the ratio of the area of said negative electrode 
to the area of said positive electrode is in the range 
40 of from 2:1 to 5:1. 

4. A sensor element according to claim 1 or 2, wherein 

the ratio of the area of said negative electrode 
to the area of said positive electrode is in the range 
45 of from 1:2 to 1:5. 

5. A sensor element according to any one of the pre- 
ceding claims, further comprising a circuit for apply- 
ing an electric potential between said negative elec- 

50 trode and said positive electrode so as to determine 
a gas concentration. 

6. A sensor element according to Claim 5, wherein 
said electric potential is in the range of 0.2 Vto 1 .1 V. 

55 

7. A sensor element according to Claim 5, wherein 
said electric potential is in the range of 1 . 1 Vto 2.5 V. 
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8. A sensor element according to any of Claims 1 to 

7, wherein said solid electrolyte substrate is formed 
from zirconia. 

9. A sensor element according to any of Claims 1 to s 

8, wherein at least one of said negative electrode 
and said positive electrode is embedded in said sol- 
id electrolyte substrate. 

10. A sensor element according to any of Claims 1 to 10 

9, wherein said negative electrode and said positive 
electrode are formed from porous platinum. 

11. A sensor of the flat current-limiting-type comprising 

a sensor element according to any one of the pre- 15 
ceding claims. 

1 2. A sensor for detecting an amount of a gas, compris- 
ing: 

20 

a sensor element or sensor according to any 
one of the preceding claims, wherein said solid 
electrolyte substrate is oxygen-ion conductive, 
and wherein said electrodes are formed so as 
to pump oxygen from the negative electrode to 25 
the positive electrode; and 
a gas diffusion limiting means for limiting the 
gas diffusing into the negative electrode. 

13. A sensor for determining the concentration of an ox- 30 
ygen-containing component of a gas to be meas- 
ured, comprising: 

a ceramic body capable of electrically control- 
ling the rate of oxygen ion conduction; 35 
a first measurement chamber which faces said 
ceramic body and into which a gas to be meas- 
ured which contains an oxygen-containing 
component enters; 

a second measurement chamber communicat- 40 
ing with said first measurement chamber; and 
an oxygen ion pump cell comprising a sensor 
element according to any one of the preceding 
claims, wherein one of said electrodes faces 
said second measurement chamber. 45 
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Fig.8(A). 
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Fig.9(A). 
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Fig.11(A). 
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respectively, are disposed on the same side of the solid electrolyte substrate 
22. A voltage of 0.8 V is applied between the negative electrode 34a and the 
positive electrode 32a in order to determine oxygen concentration. The ratio 
between the area of the negative electrode 34a and the area of the positive 
electrode 32a is set to 1:2, thereby reducing element resistance to 74% that 
in the case where the negative electrode and the positive electrode assume 
the same area. Thus, the measurement accuracy of the flat limiting-current- 
type sensor 10 can be improved. LJ 
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